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INTRODUCTION 
When t h e  I n s t i t u t e  o f  Marine Research  p lanned  i t ' s  r e s e a r c h  v e s s e l  
"G,O.SarsU,  i t  was d e c i d e d  t o  i n c l u d e  a  computer c e n t e r e d  d a t a  
a c q u i s i t i o n  system i n  t h e  equipment o f  t h e  s h i p .  The i n t e n t i o n  
w i t h  t h e  sys tem was t o  o b t a i n  a u t o m a t i c  and a c c u r a t e  d a t a  
c o l l e c t i o n  from v a r i o u s  i n s t r u m e n t s  which shou ld  be connected  
o n - l i n e  t o  t h e  computer .  A need f o r  t h i s  was p a r t i c u l a r l y  
f e l t  i n  t h e  u s e  o f  echo sounders  which had developed requ i rements  
f o r  d a t a  a c q u i s i t i o n  a t  r a t e s  which were i m p o s s i b l e  by more 
c o n v e n t i a l  methods, The computer shou ld  a l s o  pe r fo rm d a t a  re-  
d u c t i o n  and n e c e s s a r y  p r o c e s s i n g  i n  r e a l  t i m e .  Reduced d a t a  and 
r e a l -  t i m e  p r o d u c t s  shou ld  be  s t o r e d  on paper  t a p e  f o r  f u r t h e r  
management onboard o r  a s h o r e .  
The c o n t r a c t  f o r  p l a n n i n g  t h e  sys tem,  i n c l u d i n g  c h o i s e  of  computer 
w i t h  p e r i p h e r a l s  and c o n s t r u c t i o n  o f  i n t e r f a c e  u n i t s  f o r  t h e  
i n s t r u m e n t s  t o  be  l o g g e d ,  was p l a c e d  w i t h  t h e  C e n t r a l  I n s t i t u t e  
f o r  I n d u s t r i a l  Resea rch ,  Os lo .  The s o f t w a r e  o f  t h e  sys tem was 
made by t h i s  i n s t i t u t e  and t h e  ~ n s t i t u t e  of  Marine Research  i n  
c o o p e r a t i o n .  The ha rdware ,  and a l s o  p a r t s  of  t h e  s o f t w a r e ,  
o f  t h e  sys tem i s  e a r l i e r  p r e s e n t e d  by JAHR e t  a l .  1970 and a  
p a p e r  on t h e  u s e  o f  t h e  system i s  e a r l i e r  p r e s e n t e d  by BLINDHEIM 
and E I D E  1971. 
S i n c e  t h e  system became o p e r a t i o n a l  and e x p e r i e n c e  i n  p r a c t i c a l  
u s e  h a s  been g a i n e d ,  s e v e r a l  m o d i f i c a t i o n s  have  been made. 
T h i s  r e p o r t  d e s c r i b e s  t h e  modi f i ed  s o f t w a r e  o f  t h e  system and 
summarizes b r i e f l y  i t s  hardware  c o n f i g u r a t i o n .  
SYSTEM CONFIGURATION, HARDWARE 
The d a t a  l o g g i n g  sys tem i s  b u i l t  around a NORD-1 computer 
which h a s  p a p e r  t a p e  i n p u t / o u t p u t  ( I /o)  u n i t s .  A b lock d i a -  
gram o f  t h e  sys tem i s  shown i n  F i g . 1  and s p e c i f i c a t i o n s  f o r  
t h e  d i f f e r e n t  p e r i p h e r a l  d e v i c e s  a r e  e n t e r e d  i n  Table  1. A s  
i n d i c a t e d  i n  F i g . 1 ,  t h e  sys tem i s  c o l l e c t i n g  d a t a  from a  wide 
v a r i e t y  of ins t ruments  w i th in  t h e  f i e l d s  o f  oceanography, 
meteorology, hydroacous t ics  and nav iga t ion .  Many of t h e  i n s t r u -  
ments g i v e  analog i n p u t s  and a r e  connected t o  t h e  computer wia 
a mu l t i p l exe r  and an analog t o  d i g i t a l  conve r t e r  ( A D C ) .  Other 
ins t ruments  produce d i g i t a l  ou tpu t s .  These a r e  given dev ice  
numbers and connected d i r e c t l y  t o  t h e  I /O channe lse  of  t he  
computer. 
The d a t a  a c q u i s i t i o n  from t h e s e  sources  i s  governed by i n t e r -  
r u p t s  genera ted  by t h e  r ea l - t ime  c lock  and t h e  s h i p ' s  l og .  
From the  log  an i n t e r r u p t  i s  given every t e n t h  of  a n a u t i c a l  
mi l e  o u t s a i l e d  d i s t a n c e  and t h e  i n t e r r u p t s  from t h e  rea l - t ime  
c lock  occur  a t  a r a t e  of  one H z .  More d e t a i l s  about t h e  sampling 
which i s  performed on log  i n t e r r u p t  i s  en t e red  i n  Table 2,and 
i n  T ? ~ l e  3 i s  t h e  sampling a c t i v i t i e s  occur r ing  on each c lock  
i n t e r r u p t  summarized. 
I n  some case  i t  i s  necessary  t o  sample t h e  echo sounders a t  
r a t e s  up t o  50 kHz. For t h i s  reason t h e  echo sounders can be 
connected t o  t he  computer wia an a c o u s t i c  i n t e r f a c e  u n i t  
(Simrad Computer I n t e r f a c e  Uni t )  and a f a s t  ADC. The i n t e r f a c e  
u n i t  g ives  i n t e r r u p t  t o  t h e  computer when sampling s h a l l  s t a r t  
and s t o p ,  t h e  i n t e r r u p t  occu r r ing  when t h e  echoes a r e  rece ived  
from t h e  upper and lower l i m i t s  of  t h e  depth i n t e r v a l  t o  be 
sampled, I n  t he  i n t e r f a c e  u n i t  t h e  t iming of  t h e  i n t e r r u p t c  i s  
c o n t r o l l e d  by an a d j u s t a b l e  e l e c t r o n i c  coun te r .  The g r e a t e s t  
p o s s i b l e  depth t o  t h e  upper l i m i t  i s  400 m and t h e  magnitude 
o f  t h e  depth i n t e r v a l  i t s e l f  can n o t  exceed 200 m .  This 
corresponds t o  a time i n t e r v a l  of  approximately 0 , 3  s ec .  I n  
o r d e r  t o  avoid l o s s  o f  i n t e r r u p t  from t h e  lower p r i o r i t y  r e a l -  
t ime c lock  dur ing  t h e s e  p e r i o d s ,  t h e  low i n t e r r u p t  r a t e  of one 
H z  h a s  been chosen f o r  t h e  c lock .  
Qne of  t h e  t e l e p r i n t e r s  which i s  involved i n  t h e  system se rves  
a s  o p e r a t o r s  keyboard t e rmina l  i n  t h e  a c o u s t i c  ins t rument  room, 
The r e s t  of t he  system i s  p laced  i n  one room where t h e  com- 
p u t e r ,  t h e  paper tape  I/O u n i t s  and t h e  i n t e r f a c e  e l e c t r o n i c s  
occupy t h r e e  ins t rument  r acks .  130th t h e s e  rooms a r e  on t h e  
b r i d g e  deck l e v e 1  a d j a c e n t  t o  t h e  O p e r a t i o n s  C e n t r e  from where 
t h e  r e s e a r c h  a c t i v i t i e s  o f  t h e  s h i p  a r e  c u r r e n t l y  c o o r d i n a t e d ,  
DESCRIPTION OF THE SOFTWARE 
The s t a n d a r d  s o f t w a r e  of  t h e  NORD-l  comprises  t h e  programming 
languages  MAC Assembly and debuqqing sys tem,  FORTRAN 1 1 ,  
FORTRAN I V  and BASIC. Cons ide r ing  t h e  requ i rements  i t  was 
e v i d e n t  t h a t  assembly cod ing  had t o  be a p p l i e d  f o r  t h e  pro- 
gramming o f  t h e  sys tem.  During i t s  f u r t h e r  d e s i g n  two charac-  
t e r i s t i c  f e a t u r e s  had t o  be c o n s i d e r e d :  F i r s t l y  t h a t  t h e  hard-  
ware c o n f i g u r a t i o n  made it n e c e s s a r y  t h a t  most o f  t h e  sys tem 
s o f t w a r e  shou ld  be c o r e  r e s i d e n t ,  and second ly  t h a t  some of  t h e  
d a t a  c o l l e c t i o n  shou ld  be done a t  a  speed which r e q u i r e d  t h e  
f u l  c a p a c i t y  o f  t h e  computer .  During t h e  programming phase  it  
was,  t h e r e f o r e ,  though t  more of  compactness and speed t h a n  o f  
g e n e r a l i t y .  One of  t h e  means f o r  o b t a i n i n g  t h i s  was t o  u t i l i z e  
t h e  e f  f e c i e n t  p r i o r i t y  i n t e r r u p t  system o f  t h e  computer s o  
t h a t  t ime  s h e a r i n q  c o u l d  be a p p l i e d  f o r  t h e  d i f f e r e n t  d a t a  
a c q u i s i t i o n  programs and p r o c e s s i n g  r o u t i n e s  which a c c o r d i n g l y  
were p l a s e d  on t h e  d i f f e r e n t  p r i o r i t y  i n t e r r u p t  l e v e l s .  Here 
t h e  p r i o r i t y  o f  t h e  d a t a  c o l l e c t i o n  and p r o c e s s i n g  were g i v e n  
p r i o r i t y  a c c o r d i n g  t o  sampling r a t e  and n e c e s s a r y  speed .  S lower  
p r o c e d u r e s  a s  f o r  i n s t a n c e  o u t p u t  were g i v e n  low p r i o r i t y .  
F u r t h e r  a  compact o p e r a t i o n  system was i n c o r p o r a t e d  and re- 
e n t r a n t  I/O r o u t i n e s  were made s p e c i a l l y  f o r  t h e  sys tem.  
S i n c e  t h e  system i s  supposed t o  be working c o n s t a n t l y  when t h e  
s h i p  i s  a t  s e a ,  i t  was c o n s i d e r e d  i m p o r t a n t  t o  have  a l s o  t h e  
p o s s i b i l i t y  t o  a p p l y  more c a s u a l  programs when t h e  sys tem i s  
working.  T h i s  i s  ach ieved  by p l a c i n g  t h e  MAC assemble r  on 
Leve1 l. I n  r e t a l i a t i o n  some programs be long ing  t o  t h e  sys tem,  
b u t  n o t  i n  r e g u l a r  u s e ,  a r e  r e a d  i n t o  t h e  memory by means o f  
t h e  assemble r  o n l y  when t h e y  a r e  needed.  Th i s  i s  done i n  o r d e r  
t o  r e s e r v e  a  s u f f i c i e n t  p a r t  o f  t h e  c o r e  s t o r e  f o r  g e n e r a l  u s e .  
A l i s t i n g  o f  t h e  system s o f t w a r e  i s  e n t e r e d  i n  Appendix 1 and a  
s h o r t  d e s c r i p t i o n  o f  t h e  programming on each l e v e l  i s  compiled 
i n  t h e  f o l l o w i n g .  
LEVEL 15 
S t a r t :  I n t e r r u p t s  from the  acous t ic  i n t e r f a c e  u n i t .  
Operations:  I d e n t i f i c a t i o n  of i n t e r r u p t s  f o r  s t a r t  o r  s top  of 
d a t a  c o l l e c t i o n  from the  echo sounder. Reading of 
counter ind ica t ing  depth of acous t ic  sampling. 
Products:  I n t e r r u p t s  t o  Leve1 14. 
Descript ion:  The f a s t  da ta  c o l l e c t i o n  from t h e  echo sounders 
which requ i res  the  f u l  speed capac i ty  of the  computer, 
i s  given the  h i g h e s t  p r i o r i t y .  The acous t i c  i n t e r f a c e  
u n i t  g ives  i n t e r r u p t  on Leve1 15 t o  s t a r t  o r  s top  the  
sampling. These i n t e r r u p t s  a r e  i d e n t i f i e d  and i n t e r r u p t s  
a r e  given t o  Leve1 14 accordingly.  Fur ther  i s  an 
e l e c t r o n i c  counter  i n  t h e  acous t ic  i n t e r f a c e  u n i t  read 
when the  i n t e r r u p t s  a r e  given. According t o  the  i n t e r -  
r u p t  these  readings g ive  t h e  depth t o ,  and the  magnitude 
of the  i n t e r v a l  t o  be sampled. The maximum poss ib le  
depth t o  the  upper l i m i t  of t h e  i n t e r v a l  i s  400 m and 
the  magnitude of the  i n t e r v a l  can not  exceed 200 m .  
LEVEL 14 
S t a r t :  I n t e r r u p t  from Leve1 15. 
Operations:  Reading of echo s i g n a l s  from echo sounder wia 
10-bi t  ADC. Reduction and processing of t h e  c o l l e c t e d  
d a t a .  
Products :  C h a r a c t e r i s t i c  parameters of echoes from s i n g l e  t a r g e t s .  
I n t e r r u p t  t o  Leve1 5 f o r  output  when adequate. 
Descr ip t ion:  The i n t e n t i o n  with the  f a s t  sampling of the  echo 
s i g n a l s  which i s  done on t h i s  l e v e l  i s  c l a s s i f i c a t i o n  
of echo t r a c e s  based on r e f l e c t i o n  p a t t e r n s  of s i n g l e  
t a r g e t s .  For t h i s  reason a  procedure i s  appl ied which 
u t i l i z e s  a l l  echoes received from a s i n g l e  f i s h  when i t  
passes  through the acous t ic  beam from the  echo sounder. 
The method i s  described by M I D T T U N  and NAKKEN 1971 and 
here  s h a l l  only be surnmarized what i s  done i n  the com- 
p u t e r .  The processing of the echo s i g n a l s  i s  s p l i t t e d  
i n t o  th ree  phases.  About 20 micro seconds between each 
sample i s  u t i l i z e d  f o r  the  f i r s t  phase. Here the  program 
keeps record of when the  f i s h  comes i n t o  and fades ou t  
of the  acous t ic  beam. Before the sample i s  considered 
v a l i d  and s tored  i n  memory, t e s t s  on t r e sho ld  and pu l se  
length a r e  a l s o  performed. The sampling may go on up 
t o  about 0 , 3  seconds on each transmission (when the i n t e r -  
v a l  t o  be sampled i s  200 m )  and the  r e s t  of the  time 
before the  next pulse  transmission i s  more than suf f i -  
c i e n t  f o r  the second phase of processing and d a t a  reduct- 
ion .  During t h i s  phase the maximum amplitude of the  
c u r r e n t  echo s i q n a l  i s  recorded, the echo i n t e g r a l  and 
the  pulse  length a t  50 % of maximum amplitude i s  com- 
puted. This i s  done f o r  each ping when the t a r g e t  
passes  through the acous t ic  beam. Af ter  the t a r g e t  has  
faded ou t  of the beam the  depth t o  the t a r g e t  i s  worked 
out  and a l s o  the r e f l e c t i o n  angle of the  t a r g e t  given by 
v ( n + l )  0 = 2 a rc t an  - 2 DP 
where v i s  the  speed of the sh ip  i n  cm/sec. ,  n  i s  t h e  
number of echoes received from the t a r g e t ,  D i s  the  
depth t o  the t a r g e t  i n  cm and P i s  the r e p e t i t i o n  r a t e  
of the  echo sounder i n  number of transmission per  s e c .  
The echo s t r eng th  of each echo i s  computed by 
Es = k+20 log a D  
where k i s  cons tan t ,  a i s  the  vol tage sampled from the  
echo sounder and D i s  the  depth t o  the t a r g e t .  
A program which op t iona l ly  cari be combined with the c l a s s i -  
f i c a t i o n  program p l o t s  the  envelope curve of the  echo 
s i g n a l s  on the  drum p l o t t e r .  An example of t h i s  i s  shown 
i n  Fig,  2 .  
On Level 14 t h e r e  i s  a l s o  an opt ion f o r  g e t t i n g  the 
spec te r  of echo s t r eng ths  received from the sampled i n t e r -  
v a l  i n  a  chosen number of t ransmission.  I n  t h a t  case  
the  computer observes the  peak values i n  a l 1  echoes 
received.  Every s i g n a l  exceeding the  noice t r e sho ld  i s  
then considered as  an echo. 
An opt ion f o r  processing of bottom back s c a t t e r i n g  d a t a  
i s  a l s o  included. I t  h a s ,  however, not  been much appl ied 
a s  ye t .  
LEVEL 13 
S t a r t :  I n t e r r u p t  from the rea l -  time clock.  
Operations:  Data a c q u i s i t i o n  from gyro compass, sh ips  log ,  
meteorological instruments ,  d i g i t a l  depth recorder ,  echo 
i n t e g r a t o r s  and STD system. 
Products : Pos i t ion  (updated by dead reckoning) , N-S and E-W 
components of the  sh ips  speed, wind speed and d i r e c t i o n ,  
d a t e  and time. I n t e r r u p t s  t o  Leve1 1 2 ,  Level 5 ,  Level 4 
and Level 3  f o r  Decca p o s i t i o n ,  punching of STD d a t a ,  
rou t ine  output  and l i s t i n g  of STD da ta  r e spec t ive ly .  
Descript ion:  The s igna l s  from the  gyro compass a r e  d i g i t i z e d  
i n  the  i n t e r f a c e  (coding d i s c . ) ,  Decoding of t h e  d i g i -  
t i z e d  input  i s  done by software and cor rec t ion  f o r  the  
s h i p ' s  speed and l a t i t i d e  i s  done by 
v - s i n  C e = a rc tan  ( 900 cos $ s i n  C ) 
where 8 i s  the  co r rec t ion  of the course i n  r ad ians ,  C i s  
the uncorrected course of the  sh ip  obtained from the  
gyro compass and v  i s  the  s h i p ' s  speed and 4 i s  the  l a t i t u d e .  
From t h e  c o u r s e  and speed o f  t h e  s h i p  N-S and E-W compo- 
n e n t s  o f  i t s  v e l o c i t y  a r e  worked o u t .  These a r e  used  
i n  t h e  u p d a t i n g  o f  t h e  s h i p ' s  p o s i t i o n  by dead reckon ing  
and f u r t h e r  when working o u t  t r u e  wind speed and d i -  
r e c t i o n  from t h e  r e l a t i v e  wind obse rved  on t h e  moving 
s h i p .  
The i n t e r r u p t s  from t h e  r e a l - t i m e  c l o c k  a r e  a l s o  used  
f o r  u p d a t i n g  t h e  t i m e  e v e r y  second and t h e  d a t e  when 
a d e q u a t e .  
The STD-data a r e  r e c e i v e d  i n  t h e  form o f  f r e q u e n c i e s  
p r o p o r t i o n a l  t o  s a l i n i t y ,  t e m p e r a t u r e  and d e p t h .  These 
a r e  f e d  i n t o  t h e  computer wia f requency  c o u n t e r s  and t h e  
p a r a m e t e r s  a r e  d e r i v e d  by l i n e a r  i n t e r p o l a t i o n  w i t h i n  
t h e  f requency  i n t e r v a l  d e f i n e d  f o r  each  p a r a m e t e r .  
I n s t r u m e n t  c a l i b r a t i o n  c o n s t a n t s  a r e  s u p p l i e d  t o  t h e  
computer  by  t h e  o p e r a t o r  and a r e  a p p l i e d  i n  t h e  program,  
Computat ions o f  0, ( D e n s i t y  o f  t h e  s e a  w a t e r ) ,  ( s p e c i -  
f i c  volume anomaly) and AD (dynamic d e p t h  anomaly) a r e  
done i n  r e a l  t i m e  and can  be  p r i n t e d  o u t  a c c o r d i n g  t o  
program, normal ly  e v e r y  5 second.  An example o f  STD- 
l i s t i n g  w i t h  d e p t h ,  t e m p e r a t u r e  and 0, i s  shown i n  Fig. 6, 
The computa t ion  o f  G, i s  done a s  g i v e n  by KNUDSEN (19011 
and r e a r r a n g e d  by SELEN 1958. 
0, = D+ (C+0,1324) (1-AT+BT ( C - O ,  1324) 
where 
O t i s  t h e  t e m p e r a t u r e  i n  C and S  i s  t h e  s a l i n i t y .  
The c o m p u t a t i o n  o f  oa i s  done a s  g i v e n  by BJERKNES (1910)  
and SVERDRUP (1933)  . 
where 
and 
C i s  t h e  same a s  i n  t h e  c o m p u t a t i o n  o f  q ,  t i s  t e r n p e r a t u r e ,  
S  i s  - s a l i n i t y  and P i s  t h e  p r e s s u r e  i n  d  b a r .  
4 10  A D i s  worked o u t  by i n t e g r a t i o n  o f  A n .  
He re  P  i s  s i m p l y  exchanged by t h e  d e p t h  i n  metres which 
i n t r o d u c e s  o n l y  a  minor  e r r o r .  
LEVEL 1 2  
S t a r t :  I n t e r r u p t  from L e v e l  1 3 .  
O p e r a t i o n s :  Da ta  a c q u i s i t i o n  from DECCA n a v i g a t o r .  
P r o d u c t s  : DECCA p o s i t i o n .  
D e s c r i p t i o n :  The s i g n a l s  from t h e  DECCA n a v i g a t o r  a r e  r e a d  e v e r y  
second and t h e  p o s i t i o n  i s  computed i n  d e g r e e s  and minu tes  
of  l a t i t u d e  and l o n g i t u d e .  The a p p l i e d  geometry i s  
e x p l a i n e d  more i n  d e t a i l  by J.CASPERSEN i n  a  n o t e  which 
i s  e n t e r e d  i n  Appendix 2 ( i n  Norwegian) . When i n i t i -  
a t i n g  t h i s  program t h e  o p e r a t o r  h a s  t o  f e e d  t h e  c u r r e n t  
DECCA c o o r d i n a t e s  i n t o  t h e  computer t o g e t h e r  w i t h  i d e n t i -  
f i c a t i o n  number o f  t h e  DECCA c h a i n  t o  be a p p l i e d  a s  ex- 
p l a i n e d  more i n  d e t a i l  i n  Appendix 3 . Fixed c o n s t a n t s  
f o r  t h e  v a r i o u s  c h a i n s  must be k e p t  i n  program. 
LEVEL 11. 
S t a r t :  I n t e r r u p t  from t e l e p r i n t e r ,  p a p e r  t a p e  r e a d e r  o r  t h e  
s h i p ' s  l o g .  
O p e r a t i o n s :  I d e n t i f i c a t i o n  of  i n t e r r u p t s .  
P r o d u c t s :  I n t e r r u p t  t o  Leve1 10 on i n t e r r u p t  from t h e  l o g  and 
i n t e r r u p t  t o  Level  9 on i n t e r r u p t  from p a p e r  t a p e  r e a d e r  
o r  t e l e p r i n t e r s .  
D e s c r i p t i o n :  When i n p u t  s h a l l  come from any o f  t h e  t e l e p r i n t e r s  
o r  from t h e  p a p e r  t a p e  r e a d e r ,  an  i n t e r r u p t  i s  wi red  i n  
hardware  t o  o c c u r  on t h i s  l e v e l .  The s h i p '  s l o g  a l s o  
g i v e  an  i n t e r r u p t  on t h i s  l e v e l  f o r  e v e r y  t e n t h  of  a  
n a u t i c a l  m i l e  o u t s a i l e d  d i s t a n c e .  
The programming i d e n t i f i e s  t h e  i n t e r r u p t s  and g i v e s  i n t e r -  
r u p t  t o  o t h e r  l e v e l s  a c c o r d i n g l y .  The a c t i v i t i e s  which 
a r e  governed by i n t e r r u p t s  from t h e  l o g  a r e  p l a c e d  on 
Leve1 1 0 ,  and Level  9 i s  a c t i v a t e d  i f  i n p u t  from t h e  
o t h e r  d e v i c e s  q e n e r a t e s  i n t e r r u p t .  
LEVEL 10 
S t a r t :  I n t e r r u p t  from Leve1 11. 
O p e r a t i o n s :  Data a c q u i s i t i o n  o f  s e a  s u r f a c e  t e m p e r a t u r e ,  s e a  
s u r f a c e  s a l i n i t y  and t r a n s p a r e n c y  o f  t h e  s e a  w a t e r .  
P r o d u c t s :  Average o f  t h e  s h i p ' s  s p e e d ,  t e m p e r a t u r e ,  s a l i n i t y  
and t r a n s p a r e n c y  i n  t h e  s u r f a c e  l a y e r  of  t h e  s e a  f o r  each 
n a u t i c a l  m i l e  o u t s a i l e d  d i s t a n c e .  Echo abundance p e r  
n a u t i c a l  m i l e .  I n t e r r u p t  t o  Leve1 4 and Leve1 3 f o r  
o u t p u t  when adequa te  . 
D e s c r i p t i o n :  A c t i v i t i e s  governed by i n t e r r u p t s  from t h e  s h i p ' s  
l o g  a r e  p l a c e d  on Leve1 1 0 .  The l o g  g i v e s  an  i n t e r r u p t  
e v e r y  t e n t h  o f  a  n a u t i c a l  m i l e  o u t s a i l e d  d i s t a n c e  and 
i n i t i a t e s  d a t a  c o l l e c t i o n  r o u t i n e s  f o r  t h e  p a r a m e t e r s  t o  
be  obse rved  i n  t h e  s u r f a c e  l a y e r  o f  t h e  s e a .  A s s o c i a t e d  
d a t a  r e d u c t i o n  and a v e r a g i n g ,  f o r  i n s t a n c e  p e r  n a u t i c a l  
m i l e ,  i s  f u r t h e r  done a c c o r d i n g  t o  program. The program 
a l s o  g i v e  i n t e r r u p t  t o  Leve1 4 f o r  r o u t i n e  o u t p u t  on 
p a p e r  t a p e  and t e l e p r i n t e r ,  normal ly  f o r  e v e r y  n a u t i c a l  
m i l e  o u t s a i l e d  d i s t a n c e .  
Also  t h e  echo abundance v a l u e  i s  accumulated o v e r  a n  
adequa te  d i s t a n c e ,  normal ly  5 n a u t i c a l  m i l e s ,  which c a n  
be s e t  i n  program by t h e  o p e r a t o r .  I n t e r r u p t  i s  g i v e n  
t o  Leve1 3 f o r  o u t p u t .  
LEVEL 9 
S t a r t :  i n t e r r u p t  from t e l e p r i n t e r  keyboard .  
O p e r a t i o n s :  I n i t i a t i o n  and t e r m i n a t i o n  o f  programs a s  a d e q u a t e .  
P r i n t o u t  of  c u r r e n t  v a l u e  o f  any pa ramete r  on r e q u e s t .  
D e s c r i p t i o n :  The programming f o r  t h e  o p e r a t i o n  o f  t h e  sys tem 
o c c u p i e s  Leve1 9 .  T h i s  comprises  i n i t i a t i o n  o f  t h e  
d i f f e r e n t  d a t a  a c q u i s i t i o n  programs i n c l u d i n q  i n c e r t i o n  
o f  i n i t i a l  v a l u e s  of  some p a r a m e t e r s  which a r e  used  i n  
a s s o c i a t e d  p r o c e s s i n g .  I n  some of  t h e  r o u t i n e s  i t  i s  
a l s o  a l lowed f o r  c o r r e c t i o n  o f  c u r r e n t  v a l u e s  when 
n e c e s s a r y .  T h i s  i s  f o r  i n s t a n c e  t h e  c a s e  i n  t h e  r o u t i n e  
f o r  t h e  dead reckoning p o s i t i o n .  
More d e t a i l s  abou t  t h i s  o p e r a t i o n  system a r e  e n t e r e d  i n  
Appendix 3 .  
LEVEL 8 
T h i s  Leve1 i s  n o t  used .  
LEVEL 7 
S t a r t :  I n t e r r u p t  from t e l e p r i n t e r s  o r  p a p e r  t a p e  punches .  
O p e r a t i o n s :  I d e n t i f i c a t i o n s  o f  i n t e r r u p t s .  
P r o d u c t s :  I n t e r r u p t s  t o  t h e  l e v e l  on which t h e  i n t e r r u p t i n g  
d e v i c e  was t r i g g e r e d .  
D e s c r i p t i o n :  I f  o u t p u t  i s  performed when t h e  i n t e r r u p t  sys tem 
i s  o n ,  t h e  o u t p u t  d e v i c e s  a r e  programmed t o  g i v e  i n t e r -  
r u p t  t o  Leve1 7 when each o u t p u t  i n s t r u c t i o n  i s  e x e c u t e d  
The program on Leve1 7 i d e n t i f i e s  t h e  i n t e r r u p t i n g  
d e v i c e  and g i v e s  i n t e r r u p t  t o  t h e  l e v e l  where t h e  d e v i c e  
i s  working.  
LEVEL 6 
T h i s  Leve1 i s  n o t  used .  
LEVEL 5 
S t a r t :  I n t e r r u p t  from Leve1 14 o r  Leve1 1 3 .  
O p e r a t i o n s :  Output  o f  a c o u s t i c  d a t a  and STD-data. 
P r o d u c t s :  The programming on t h i s  l e v e l  comprises  r o u t i n e s  
f o r  p r i n t o u t  of  echo c l a s s i f i c a t i o n  d a t a  and echo 
s t r e n g t h  d a t a ,  and f u r t h e r  f o r  o u t p u t  o f  STD-data on 
paper tape.  For the acous t ic  da ta  only d a t a  l i s t s  
a r e  produced, and examples of these a re  shown i n  Figs .  3 
and 4 .  
The output  r a t e  of the STD-data on paper tape i s  one 
s e t  of parameters per  second. 
LEVEL 4 
S t a r t :  I n t e r r u p t  from Level 13 o r  Level 10. 
Operations: Output on punch and t e l e p r i n t e r  every n a u t i c a l  mile 
and every hour.  
Products:  Data record on paper tape and l i s t c .  I n t e r r u p t  t o  
Leve1 3 f o r  output  of echo abundance. 
Descript ion:  This Level holds the programs f o r  output  on t e l e -  
p r i n t e r  and punch every whole n a u t i c a l  mile o u t s a i l e d  
d i s t ance  and every whole hour ,  t r iggered  by  i n t e r r u p t  
from the s h i p ' s  log and the  real- t ime clock respec t ive ly .  
A n  example of such rout ine  l i s t i n g 5  a r e  shown i n  Fig.  5 .  
The da ta  a r e  simultaneously punched on paper tape to- 
ge ther  with i d e n t i f  i c a t i o n  cha rac te r s  f o r  each parameter.  
LEVEL 3  
S t a r t :  I n t e r r u p t  from Leve1 1 3  of Leve1 3 .  
Operations:  Output on t e l e p r i n t e r .  
Products:  Data l i s t s  f o r  STD-data and echo abundance. 
Descr ip t ion:  This l e v e l  holds  output  program f o r  the echo 
abundance da ta  obtained from the  echo i n t e g r a t o r s .  
These da ta  a re  produced only on d a t a  l i s t s  s ince  the  
n e x t  s t e p  i n  t h e i r  management h a s  t o  be done manua l ly .  
The program i s  t r i g g e r e d  by i n t e r r u p t s  o r i g i n a l l y  coming 
from t h e  s h i p ' s  l o g  and t h e  d i s t a n c e  t r a v e l l e d  between 
each p r i n t o u t  may be s e t  by program, normal ly  a  d i s t a n c e  
of  5 n a u t i c a l  m i l e s  i s  chosen .  
The program f o r  l i s t i n g  of  STD-data i s  a l s o  p l a c e d  on 
t h i s  l e v e l .  I t  i s  governed by t h e  r e a l - t i m e  c l o c k  and 
t h e  p r i n t o u t  r a t e  may be chosen by program. 
The p r i n t o u t  o f  t h e  t h r e e  d e r i v e d  p a r a m e t e r s ,  o, ,  Aa and 
AD i s  o p t i o n a l .  The maximal p r i n t o u t  r a t e  a l lowed by 
t h e  c a p a c i t y  o f  t h e  t e l e p r i n t e r  i s  one s e t  o f  p a r a m e t e r s  
e v e r y  f i f  t h  t o  s e v e n t h  second depending on t h e  para-  
m e t e r s  p r i n t e d .  An example o f  a n  STD- l i s t ing  i s  shown 
i n  F i g . 6 .  
LEVEL 2 
This  Level  i s  n o t  u s e d .  
LEVEL 1 
S t a r t :  I n t e r r u p t  from t h e  o p e r a t i o n  sys tem on Leve1 9 .  
O p e r a t i o n s :  A p p l i c a t i o n  o f  a s semble r  when t h e  sys tem i s  r u n n i n g .  
D e s c r i p t i o n :  The MAC-assembler, t h e  assembly  language o f  t h e  
computer ,  i s  p l a c e d  on Leve1 1. T h i s  f a c i l i t a t e s  t h e  
a p p l i c a t i o n  o f  t h e  system by e n a b e l i n g  programs t o  be  
assembled and execu ted  i n  t ime s h e a r i n g  w i t h  t h e  r e s t  
o f  t h e  sys tem.  F u r t h e r  t h e  o p e r a t i n g  p r o c e d u r e s  become 
more f l e x i b l e  s i n c e  i t  g i v e s  a c c e s s  t o  a l l  debugging 
f a c i l i t i e s  i n  t h e  a s s e m b l e r .  I t  a l s o  o f f e r s  p o s i b i l i t y  
o f  l e a v i n g  o u t  of  t h e  system programs t h a t  o n l y  o c c a s i o -  
n a l l y  a r e  used i n  r e a l  t i m e .  T h i s  i s  f o r  i n s t a n c e  done 
w i t h  t h e  volurninous r o u t i n e s  f o r  t h e  drum p l o t t e r .  
EEVEL O 
S t a r t :  When p r i o r i t y  allows. 
Operations:  Waiting mode o r  opera t ions  according t o  background 
program. 
Products:  According t o  background program, normally none. 
Descript ion:  When no program on h igher  p r i o r i t y  i n t e r r u p t  l e v e l s  
i s  busy, the  c o n t r o l  i s  given t o  Level O .  When the  com- 
pu te r  i s  working on Level O i t  i s  consequently i n  a  
wai t ing mode, but it may s t i l l  be executing an app l i ca t ion  
program. I n  t h i s  system Leve1 O has  been much u t i l i z e d  
t o  hold programs f o r  updating the  numerical d i sp lay  which 
may be d isp laying  any parameter a s  f o r  ins tance  the  
c u r r e n t  p o s i t i o n  of the  sh ip .  
DISCUSSION 
I n t r o d u c t o r i l y  the  i n t e n t i o n s  with t h e  system was out l ined  and 
i t  appears from t h i s  t h a t  t h e  two main t a sks  f o r  the  system i s  
f i r s t l y  d a t a  a c q u i s i t i o n  and secondly s t o r i n g  of reduced and 
prel iminary processed da ta  on paper t ape .  
The d a t a  s to rage  on paper tape has o f fe red  some problems. During 
the  planning phase of the system paper tape was considered a s  a  
r e l i a b l e  da ta  s to rage  medium. The amount of da ta  which i s  pro- 
duced by the  system descr ibed above i s ,  however, somewhat to0 
l a r g e  f o r  s torage  on paper tape .  The r e s u l t i n g  q u a n t i t i e s  of 
tape a r e  very clumsy t o  handle and e a s i l y  broken. This makes 
the  f u r t h e r  da ta  management onboard r a t h e r  time consuming and 
i s  t o  some degree a  l i m i t i n g  f a c t o r .  
I t  has  a l s o  been d i f f i c u l t  t o  keep the  paper tape punches working 
s a t i s f a c t o r i l y  over per iods  l i k e  a  research c r u i s e  of about a  
month. The punches which o r i g i n a l l y  belonged t o  the  equipment 
were very problematic and had t o  be exchanged. The s u b s t i t u t e s  
a r e  f a r  b e t t e r ,  b u t  even w i t h  t h e s e  i t  o c c u r s  t h a t  e r r o n e o u s  
c h a r a c t e r s  a r e  punched,  p a r t i c u l a r l y  j u s t  a f t e r  t h e  s t a r t  o f  
t h e  punch. 
A s  t o  t h e  d a t a  l o g g i n g  from t h e  d i f f e r e n t  i n s t r u m e n t s  t h e  sys tem 
h a s  worked q u i t e  s a t i s f a c t o r i l y .  ~ a r t i c u l a r l y  i n  c o n n e c t i o n  w i t h  
d a t a  c o l l e c t i o n  from t h e  STD-system, and a l s o  from t h e  a c o u s t i c  
i n s t r u m e n t s ,  it h a s  proved a  v a l u a b l e  t o o l .  The advantage  h e r e  
i s  t h a t  t h e  computer p r e s e n t s  d i g i t a l  d a t a  i n  r e a l  t ime ( a s  f a r  
a s  t h e  STD-system concerns  a l s o  d e r i v a t i v e s )  where t h e  i n s t r u -  
rnents p r e c e n t  o n l y  an  ana log  p a p e r  r e c o r d .  To d i g i t i z e  t h e s e  
d a t a  would o t h e r w i s e  b e  a  cumbersome and l e n g t h y  j o b ,  and i t  
would n o t  b e  p o s s i b l e  t o  o b t a i n  t h e  a c c u r a c y  of  t h e  computer .  
I n  t h e  p r e s e n t  and p r e v i o u s  u s e  of  t h e  sys tem i t ' s  f l e x i b i l i t y  
h a s  been s u f f i c i e n t .  I n  p a r t i c u l a r  h a s  t h e  p o s s i b i l i t y  of  
u s i n g  t h e  assemble r  on Leve1 1 been u s e f u l  a s  w e l l  i n  t h e  u s e  
of e x t e r n a l  programs a s  i n  o n - l i n e  c o n t r o l  of  t h e  sys tem.  
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Table  1. S p e c i f i c a t i o n s  o f  t h e  computer and p e r i p h e r a l  d e v i c e s  
connec ted  t o  i t .  
i U N I T  SPECIFICATIONS 
PAPER TAPE PUNCH 
(two u n i t s )  
PAPER TAPE READER 
KEYBOARD TEmINAL 




A/D CONVERTER l 
l 
NUMERIC DISPLAY 1 
NUMERIC INPUT 
BOUY DATA RECORDER 
Type: FACIT 6040 
Type: E l l i o t  TRM 250 
Speed: 250 c h a r a c t e r s / ~  
Rack mountered 
Type: Data  Dynamics ASR - 33 t e l e t y p e s  
Speed: 10 c h a r a c t e r s / S  
Type: Calcomp 563 
Speed: 300 s t e p s / S  
R e s o l u t i o n :  0 , l  mm 
P l o t t i n g  wid th  30 i n c h e s  
Type: Raytheon M i n i v e r t e r  
Number o f  c h a n n e l s :  24 ( e x t e n d a b l e  
t o  64) 
Number o f  b i t s :  1 2  
Through-put r a t e :  35 kHz 
I n p u t  v o l t a g e :  2 10 V o l t s  
Type: Raytheon M i n i v e r t e r  
Number o f  b i t s :  10  
Through-put r a t e :  50 kHz 
I n p u t  v o l t a g e :  2 10 V o l t s  
Type: LED d i s p l a y  made a t  C e n t r a l  
I n s t i t u t e  f o r  I n d u s t r i a l  Resea rch .  
1 2  d i g i t s  i n  f o u r  g roups .  
Type: Thumbwheel swi tch  i n p u t  made 
a t  C e n t r a l  I n s t i t u t e  f o r  I n d u s t r i a l  
Research .  1 2  d i g i t s  i n  f o u r  g r o u p s .  
Type: TANDBERG 1600x,  modif ied  by 
Chr.  Miche l sens  i n s t i t u t e .  For  i n p u t  
from magnet ic  d a t a  t a p e s  produced i n  
oceanographic  bouy i n s t r u m e n t s .  
T a b l e  1 c o n t i n u e d  
COMPUTER, NORD- 1 I CORE S T O R E :  16 K ( e x t e n d a b l e  up t o  64 K )  
U N I  T  
: WORDSIZE:  16  b i t s  
l CYCLE T I M E :  1 ,  B P S  
CPU:  H a r d w a r e  f l o a t i n g  p o i n t  a r i t h m e t i c ,  
7 p r o g r a m m a b l e  r e g i s t e r s ,  c o n t r o l  f l i p -  
f lops  and f u l  p a r a l l e l  ope ra t ion .  
I N T E R R U P T  SYSTEM: 1 6  p r i o r i t y  i n t e r r u p t  
l e v e l s  w i t h  m u l t i p r o g r a m m i n g  s y s t e m .  
O P T I O N S :  T w o  d i r e c t  m e m o r y  access 
l 1 channels w i t h  a t o t a l  t r an s f e r  r a t e  of 
1 588 K w o r d s / s .  
S P E C I F I C A T I O N S  
.- 
T w o  I /O  channels  w i t h  capaci ty  of up t o  
, 2 5 6  dev ice  n u m b e r s  i n  f o u r  groups .  
1 R e a l  t ine c lock .  
, M e m o r y  p ro tec t  s y s t e m .  
Table  2 .  Sampling a c t i v i t i e s  on l o g  i n t e r r u p t  e v e r y  t e n t h  o f  a  
n a u t i c a l  m i l e .  Rea l  t i m e  p r o c e s s i n g  on l o g  i n t e r r u p t .  
Type o f  
i n p u t  




Real- t ime  
c l o c k  speed ! Mean 
l 
Paramete r  




Trans- Analog i 
p a rency  
j 
Echo- 
i n t e g r a t o r s  
Data p r o c e s s i n g  and r e d u c t i o n  
i n  r e a l  t ime .  
Echo- i Analog 
abundan- 1 1 I
Mean s e a  s u r f a c e  t e m p e r a t u r e  
p e r  n .  m i l e .  
Mean s e a  s u r f a c e  s a l i n i t y  
p e r  n .  m i l e .  
Mean t r a n s p a r e n c y  p e r  n .  m i l e .  
Echo abundance i n t e g r a t e d  
o v e r  l a t e s t  n .  m i l e .  
Mean speed th rough  l a t e s t  
n .  m i l e .  
Table 3 ,  Sampling a c t i v i t i e s  and rea l - t ime  process ing  every second 
on i n t e r r u p t  from the  rea l - t ime  c l o c k ,  
Ins t rument  Parameters Pocess ing and d a t a  r educ t ion  
Gyro 
Ships  l og  
Decca 
nav iga to r  
S  TD- s ys tem 
Depth ind i -  
c a t o r  
Echo i n t e -  
g r a t o r  
( 6  channe ls )  
A i  r- thermo- 
meter  
P x; yckro- 
meter  
Barometer 





and p u r p l e  
l a n e  
S a l i n i t y  
Tempera- 
t u r e  
Depth 
Echo 
dep th  
Echo abun- 
dance 
A i r  temp. 
Dew p o i n t  
temperature  
A i r  p ress -  
u r e  
Wind speed 
Wind d i -  
r e c  t i o n  
D i g i t a l  
Analog 
Analog 
D i g i t a l  
I I 
I l 







N-S and E-W components from 
course  and speed.  Dead reck- 
oning p o s i t i o n .  
Decca p o s i t i o n  
Values ob ta ined  from i n s t r u -  
ment f r equenc ie s  and a d j u s t e d  
according t o  ins t rument  c a l i -  
b r a t i o n s ,  p roduc ts  computed 
(at,Aa and A D ) .  
Accumulation 
Mean f o r  l a s t  t e n  minutes 
Mean f o r  l a s t  t e n  minutes 
Mean f o r  l a s t  t e n  minutes 
Mean f o r  l a s t  t e n  minutes 
Mean f o r  l a s t  t e n  minutes 

Fig. 2 .  P l o t  of the  envelope of f i v e  echoes from a s i n g l e  f i s h  
a s  i t  passed through the  acous t i c  beam. The echo 
sounder was sampled a t  a r a t e  c l o s e  t o  50 kHz. 
Fig. 3 .  P r i n t  o u t  from the  echo c l c s s i f l c a t i o n  program. 
YES? 
B G  
G A I N  - 4 2  
RATE 44  
TOTAL 200 
FRAIIE 0 
INTEGI?. - 1  
MAX GB - 2 0  
E 71  05 97  
E LAT L a V G  LOG SPD S T Y P  SSAL THSP C P ?  C2S 
38 6 1  5.6 - 7  21.7 325.5 2.2 3.5 3 2 . 3  6692 691 311 




R A T E  45 
T O T A L  200 
FFIAYE O 
IVTEGFi* - 1  
MAX CB -20 
C 4 T E  71 05 07 
TIXVIE. LAT LaVG Li3 G SPD STNF SSQL TRSF L?? C:;> 










1 o5 -43 






9 2 - 50 
108  -51 







3 1 - 62 
4 -63 
13 - G A  
6 1 - 6 5 
Y -66 
3 -67 
~ i g .  4 .  P r i n t o u t  o f  t h e  e c h o  s t r e n q t h  d i s t r i b ~ t i o n .  
WfE 73 05 Q 4  
TIME L A T  
17 27 59 22.0 
17 33  59 23.1 
17 39 59 24- 1 
17 46 59 25.2 

























TIME L A T  





A E R T  
7.3 
W F '  
16 
TIME L A T  
18 20 59 27.3 
18 26 59 28.3 
18 33 59 29.4 
LOG SP C 
752.0 2.1 
753.0 949 













Fig. 5. Routine p r i n t o u t  on i n t e r r u p t  from t h e  rea l - t ime ciock and 
from t h e  s h i p '  s Log. 
DBSERVATIONC: 6 
KORREKSJaN FOR DYP 0 e 0 "EMPERATUR: 0 .0  0 SALTHOLDI GHET: - 0 0 60 
DATE 73  05 27 
TIME LAT LON G LOG SPD STMP SSAL TRSP DPT CRS 
14 45 76 47.0 14 13.0 653.2 11.5 -0.7 34.1 31.8 79 235 
DEPTH TEMPO SAL. SIGMA-T 
4 -0.71 34.10 27.44 
4 -0.71 34. lP 27.44 
4 -9475 34.11 27.45 
8 -0.73 34.09 27.43 
13 -0.76 34.06 27.40 
19 -0.82 34010 27.43 
23 -0184 340 10 27.44 
29 - 0 ~ 8 4  34.10 27.44 
36 -0.85 34.16 27.48 
42 -0.80 34-24 27.55 
48 -0.75 34.31 27.61 
5 3  - 0 0  l 6  34045 27.69 
6 1 1.51 34.76 27.84 
65 2.07 34.91 27.91 
69 2.64 35.02 27.95 
D-ALFA DELTA- D 
65.32 5160.90 
6-40 79 5160-90 
64.40 5160.90 
66.03 5186.05 
68. 51 5223.85 
65.39 5261.45 
65.31 5286.48 
65. 03 5323.84 
60 e 72 5372.19 
540 06 5404.26 
48.99 5433. 77 
41.31 5456.05 
27. 15 5469. i 2  
20.61 54730 3 :  
16.73 5486.0 0 
YES? 
CD 
Fig .  6 .  Listing of STD-data. Sigma-t, D-alfa and Delta-D are 
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B e s k r i v e l s e  av  en  regneprosedyre  til å k o n v e r t e r e  DECCA-av- 
l e s n i n g e r  til g e o g r a f i s k e  k o o r d i n a t e r .  
J a n  Caspersen 
S e n t r a l i n s t i t u t t  f o r  i n d u s t r i e l l  f o r skn ing .  
INTRODUKSJON 
DECCA Navigasjonssystem e r  nå f u l l t  u tbygge t  l a n g s  Norges k y s t  
med i a l t  s eks  k j e d e r .  Denne r a p p o r t  p r e s e n t e r e r  r u t i n e r  f o r  
k o n v e r t e r i n g  f r a  Decca-koordinater  til g e o g r a f i s k e  k o o r d i n a t e r .  
Bare s e l v e  v e r k t $ y e t  ( l i g n i n g e n e )  er  t a t t  med, u t e n  de  teo- 
r e t i s k e  u t l e d n i n g e r ,  
PARAMETERLISTE 
b = basislengde fra master til slave (redusert). 
r = avstand framaster til punktet P. 
r = avstand fra master til punktet P (redusert) . 
r 
6 = vinkelen fra rett nord til linjen gjennom P. 
A = vinkelen fra rett nord til linjen gjennom slaven. 
T = Legendres vinkelkorreksjon. 
1 = linjetallet, index M ved master og S ved slave. 
RLN = riktig linjenummer. 
ALS = antall linjer i sonen. 
AVK = avlest kodetall. 
Z = tall som avl$ser kodebokstaven. 
masters geografiske lengde. 
masters geografiske bredde. 
slavens geografiske lengde. 
slavens geografiske bredde. 
redusert geografiske bredde. 
- C - 0.996659151, eksentrisiteten. a 
breddekoordinat i forhold til master. 
lengdekoordinat i forhold til master. 
jordens store akse. 
jordens lille akse. 
jordens radius avhengig av breddegraden, a' = a cos Øo. 
1. GEOMETRIEN 
Den bygger på et teorem av Legendre som sier at en sfærisk 
trekant kan behandles som en plan hvis vinklene reduseres 
med ; 
1 
T = - 6 b rr sin (@-A) (1) 
Dette er av den sfæriske flate, og T kommer ut i radianer. 
a '  - a cos Qfo 
/q 
Fig. l. 
på  fig. 1 er den sfæriske trekanten utspent av M (master), 
B (slave) og P som er det aktuelle punktet vi Ønsker å be- 
s temme. 
Ved å bruke cosinus-satsen og hyperbelbetingelsene kan man 
stille opp fØlgende ligninger: 
pB2 = M B ~  + Mp2 - 2MB . MP cos (PMB - Tg) (2) 
Ut fra hyperbelbetingelsen defineres en stØrrelse XB, 
som er konstant for vedkommende hyperbel. 
LØses nå (2) med hensyn på cos (PMP - Tg), fåes 
M B ~  + M P ~  - PB 2 
cos (PMB - T ) = B 2 NB • MP 
Av ligning (3) finnes PB: 
Dette settes inn i (4), og det hele reduseres til: 
i 
YB l - x, 
cos ( 0  - - AB T ) = L' B 2 MP - X~ 
Vi definerer to nye stØrrelser for å få ligningen litt 
penere : 
I R = -  
MP 
Innsatt i (5) blir resultatet: 
C O S ( ~  - - T ~ )  = y B -  R - xB 
Tilsvarende ligninger fåes mot de andre slavene i kjeden, så 
ligningssettet blir fØlgende: 
Disse ligningene er transcendente, og ligningssettet over- 
bestemmer 0 og R. Regneprosedyren baseres bare på to av dem. 
X er tidligere definert (lign.(3)) ut fra hyperbelbetingelsene 
slik at X er konstant for hver hyperbelgren. Fig.2 viser en 
slik hyperbelgren som går gjennom P. 
Alle punkter på hyperbelen gjennom P har samme X og fØlgelig 
samme Y. Videre må X forandre seg lineært mellom master og 
slave. Det kan skrives: 
der 1 = linjetallet for hyperbelen. 
Tenker en seg hyperbelen gjennom M og slik at P ligger i M, 
blir PM = O og PB = NB og fØlgelig XM = +l. Legges P i B, 
finner vi X = -1. Av (8) kan det dermed settes opp to B 
ligninger for å bestemme p og q: 
I master: +l = p S l M  + q 
I slave : - l = p -  lS + q 
Dette £Ører til: p = 2 
'M - 'S 
3 .  BESTEMMELSE AV LINJETALLET 1 
I en DECCA-avlesning er det en koding med en bokstav som angir 
sonenummer, og et tall som viser hvilken slave det leses mot og 
linjetallet i den bestemte sonen. 
Sonene starter med master og vanligvis med bokstaven A. Det 
kan visstnok også begynne med andre bokstaver (Dansk kjede ? ) .  
Vanligvis er det 10 soner mellom master og slave, men det kan 
også være flere, og da begynnes det igjen på bokstaven A. 
Masters linjetall mot de forskjellige slaver er som f~lger: 
Master mot slave B: lJ4 = 0 
For å finne riktig linjenummer må £Ølgende gjØres: 
lM RLN = Z ALSs + AVK - -10 
RLN = riktig linjenummer 
ALS = antall linjer i sonen (varierer) 
AVK = avlest kodetall 
Z = tall som avlØser bokstaven i koden 
92 
Eks.: Avlesning B52 
B viser at Z = l, 52 sier at det leses mot slave D, da er ALS = 30 
og lM = 500. Dette gir: 
500 + 500 = 532 RLN = 1'30 + 52 - -10 
Linjetallet i sonen varierer som fØlger: 
4. KORREKSJONER 
FØlgende korreksjoner er aktuelle: 
a DECCA-korreksjoner p.g.a. landlinjen 
b) Natt- og dagkorreksjoner 
Disse korreksjoner er det ikke mulig å fremstille matematisk 
og det kan derfor bare bli tale om å legge dem inn i maskinen 
i tabellform, som i sin tur vil bli uhyre plasskrevende. 
5. KONVERTERING AV VINKELEN 6 OG AVSTANDEN r TIL GEOGRAFISKE 
KOORDINATER 
Denne konverteringen foregår etter £Ølgende formler: 
idet hØyere ordens ledd slØyfes. 
r 
r = redusert avstand): - a = jordradien 
r a' 
- - 
a. 2 2 2 5 - 2tg(~o) [ 3  (1 - E ) cos (g0) + sin 0 
l 2  f 2 = - -  6 sin 6 . ~ 0 ~  e0(1 + 3 tg2 (Øo)) 
sin(Øo) 
- 
g1 cos u. cos 0 
2 2 ( 3  - 2 cos (ØO)) - ( 4  - 3 cos (OO)) *sine 
- 
42 - 3 cos 2 u. 
De nye koordinatene er da gitt av: 
Ø = Ø, + AØ (Bredde) 
L = Lo + AL (Lengde) 
APPENDIX 3 
OPERATION O F  THE SYSTEM 
This appendix desc r ibes  procedures for 
opera t ion  of the  d i f f e r e n t  a p p l i c a t i o n  
programs i n  the  system. 
ROUTINE FOR UPDATING OF HOUR AND DATE 
T h i s  r o u t i n e  keeps  r e c o r d  o f  t h e  t ime (GMT) and t h e  d a t e .  When 
s t a r t i n g  t h e  sys tem t h e  o p e r a t o r  must g i v e  i n i t i a l  d a t a  f o r  
month, day  i n  t h e  month and y e a r ,  and f u r t h e r  f o r  t h e  t i m e  i n  
h o u r s ,  minu tes  and seconds .  The seconds  w i l l  be counted  from 
t h e  f i n a l  p r e s s  on t h e  t a b u l a t o r  o f  t h e  t e l e p r i n t e r  when t h e  
r o u t i n e  i s  s t a r t e d .  The f o l l o w i n g  p r o c e d u r e  must be fo l lowed  
( c h a r a c  t e r s  w r i t t e n  by o p e r a t o r  a r e  u n d e r l i n e d )  : 
PRINTING COMMENTS 
" TAB " YES? c a 1 1  t o  computer and r e s p o n s e .  
code f o r  t h e  computer t o  i d e n t i f y  
t h i s  r o u t i n e .  
DATE 19"TAB1' 2"TAB1' 71"TABf1 Date (19 February  1971) . 
TIME 101lTAB1l 55"TABt1 O1'TAB1' TIME GMT e . g .  10.55.00 h o u r s .  
OK r in al r e s p o n s e ,  program i s  s t a r t e d  
The t i m e  can  be p r i n t e d  o u t  any t ime a code i s  p r i n t e d  t o  a s k  
f o r  i t :  
PRINTING 
l' TAB " YES ? 
AC 
TIME:  10  55 
COMMENTS 
Ca11 t o  computer and r e s p o n s e .  
code f o r  computer t o  i d e n t i f y  r o u t i n e .  
Time i n  h o u r s  and minu tes  i s  p r i n t e d  
o u t .  
R O U T I N E  FOR PRINTOUT OF ECHO ABUNDANCE 
T h i s  i s  t h e  r o u t i n e  which p r i n t s  o u t  v a l u e s  o f  echo abundance 
a s s o c i a t e d  w i t h  echo i n t e g r a t o r  d e f l e c t i o n .  On s t a r t  o f  t h e  
r o u t i n e ,  c o n s t a n t s  i n d i c a t i n g  i n t e g r a t o r  g a i n  i n  each  o f  t h e  
s i x  i n t e g r a t o r  c h a n n e l s  must be p r i n t e d  i n t o  t h e  computer v i a  
o p e r a t o r s  t e l e p r i n t e r .  Each c o n s t a n t  shou ld  be t h e  same a s  t h e  
s e t t i n g  on t h e  g a i n  s e l e c t o r  f o r  t h e  a s s o c i a t e d  i n t e g r a t o r  
c h a n n e l  ( 0 ,  1 0 ,  20 ,  30 o r  40)  . 
The o p e r a t o r  must a l s o  g i v e  a  c o n s t a n t  t o  i n d i c a t e  t h e  o u t s a i l e d  
d i s t a n c e  between o u t p u t s .  I f  p r i n t o u t  i s  wanted f o r  i n s t a n c e  on 
l o g  1 5 ,  20 ,  25 e t c . ,  t h e  program must be s t a r t e d  when t h e  l o g  i s  
showing 1 0 ,  and t h e  c o n s t a n t  chould  be 5 .  
S t a r t i n g  p rocedure  i s  a s  f o l l o w s  ( c h a r a c t e r s  p r i n t e d  by o p e r a t o r  
a r e  u n d e r l i n e d )  : 
PRINTING COMMENTS 
" TAB " YES? 
CH NO 1 
CH NO 2 
CH NO 3  
CH NO 4 
CH NO 5 
CH NO 6 
LOG 
OK 
G A I N  10 "TAB" 
G A I N  O "TAB" 
G A I N  10  "TAB" 
G A I N  20 "TAB" 
G A I N  30 "TAB" 
G A I N  40 "TAB" 
5  "TAB" 
Ca11 t o  computer and r e s p o n s e .  
Code f o r  t h e  computer t o  i d e n t i f y  
t h i s  r o u t i n e .  
Gain a s  s e t  on i n t e g r a t o r  c h a n n e l  1. 
Gain a s  se t  on i n t e g r a t o r  c h a n n e l  2 .  
Gain a s  s e t  on i n t e g r a t o r  c h a n n e l  3 .  
Gain a s  s e t  on i n t e g r a t o r  c h a n n e l  4 .  
Gain a s  s e t  on i n t e g r a t o r  c h a n n e l  5 ,  
Gain a s  s e t  on i n t e g r a t o r  c h a n n e l  6 .  
Five  n .  m i l e s  between o u t p u t s .  
F i n a l  r e s p o n s e ,  r o u t i n e  s t a r t e d .  




c a 1 1  t o  computer and r e s p o n s e .  
I d e n t i f  i c a t i o n  code  f o r  computer .  
F i n a l  r e sponse  b e f o r e  r o u t i n e  i s  
s topped.  
ROUTINE FOR THERMO- SALINOGRAPH 
This i s  the rout ine  f o r  sampling of sea sur face  temperature and 
s a l i n i t y  from the  thermo-salinograph. When s t a r t i n g  the  system 
the  opera tor  must i n d i c a t e  the s e t t i n g  of the  temperature and 
s a l i n i t y  range s e l e c t o r s  on the  Thermo-salinograph. For t h i s  
purpose the  ranges a r e  numbered from l e f t  t o  r i g h t  consecut ively 
from 1 t o  5 .  The following procedure should be used f o r  s t a r t i n g ,  
and i t  should a l s o  be repeated i f  the  s e t t i n g  of the  range selec-  
t o r s  i s  changed (cha rac te r s  p r i n t e d  by opera tor  a r e  under l ined) :  
P R I N T I N G  COMMENTS 
" TAB " YES? 
TRANGE 3 "TAB" 
SRANGE 2 "TAB" 
ca11 t o  computer and response.  
Code f o r  the computer t o  i d e n t i f y  
rou t ine .  
Constant according t o  range s e l e c t o r ,  
temperature . 
Constant according t o  range s e l e c t o r ,  
s a l i n i  t y .  
F ina l  response,  rou t ine  s t a r t e d .  
There i s  a l s o  a procedure t o  ask f o r  sea sur face  temperature and 
s a l i n i  t y .  
PRINTING COMMENTS 
" TAB " YES? 
AH 
Ca11 t o  computer and response.  
Code f o r  the  computer t o  i d e n t i f y  
rou t ine .  
Example of p r i n t o u t  below: 
SEA SURFACE TEMPERATURE: 1 1 . 2  S A L I N I T Y :  35.1 
ROUTLNE G I V I N G  DEAD RECKONING POSITION 
m e n  s t a r t i n g  t h e  sys tem t h e  o p e r a t o r  must a p p l y  t h e  p r o c e d u r e  
below t o  g i v e  i n i t i a l  v a l u e s  of  t h e  p o s i t i o n .  The same p r o c e d u r e  
c a n  a l s o  be used i f  t h e  p o s i t i o n  f o r  some r e a s o n  h a s  t o  be 
c o r r e c t e d .  For l a t i t u d e  s o u t h  and l o n g i t u d e  w e s t  t h e  d e g r e e s  
a s  w e l l  a s  t h e  minu tes  must have  a l e a d i n g  minus.  
PRINTING COMMENTS 
" TAB YES? 
BD 
Ca11 t o  computer and r e s p o n s e .  
Code f o r  t h e  computer  t o  i d e n t i f y  
r o u t i n e .  
LAT 63"TAB1I 25.5"TABH L a t i t u d e  63" 25 .5 'N  
LONG -5"TAB1' -19.11'TAB" Longi tude  0 5 ~ 1 9 . 1 ' ~  
OK F i n a l  r e s p o n s e ,  r o u t i n e  s t a r t e d .  
The p o s i t i o n  may a l s o  be  p r i n t e d  o u t  any t i m e  a  code i s  p r i n t e d  
t o  a s k  f o r  i t :  
PRINTING COMMENTS 
l' TAB l' YES? Ca11 t o  computer  and r e s p o n s e .  
AA Code t o  i d e n t i f y  t h e  r o u t i n e .  
LAT 63 3 0 . 5  LONG S 1.8  osi it ion. 63O30.5 ' N  5O18 ' E .  
ROUTINE FOR THE SHIP'S LOG 
When the  system i s  s t a r t e d ,  i n i t i a l  values f o r  the  s h i p i s  log must 
be given by the  opera tor  so  t h a t  the  reading from the log meters 
a r e  i n  agreement with the outputs  from the  computer. ~ h e  following 
procedure f o r  i n i t i a t i n g  the  log rou t ine  can be repeated t o  g ive  
co r rec t ions  i f  necessary.(Characters  p r i n t e d  by opera tor  a r e  
underl ined)  
P R I N T I N G  COMMENTS 
" TAB It YES? Ca11 t o  computer and response. 
LOG 716.4 "TAB" 
Code f o r  the  computer t o  i d e n t i f y  
rou t ine .  
Log value entered  t o  the  f i r s t  decimal 
p lace .  
OK F ina l  response,  rou t ine  s t a r t e d .  
There i s  a l s o  a  procedure t o  ask f o r  the  log reading: 
P R I N T I N G  COMMENTS 
" TAB " YES? 
LOG 718.3 
ca11 t o  computer and response. 
Code f o r  the computer t o  i d e n t i f y  
rou t ine .  
P r i n t o u t  of log reading. 
ROUTINE T O  ENTER C A L I B R A T I O N  DATA FOR STD-SYSTEM 
C a l i b r a t i o n  c o n s t a n t s  f o r  the S T D - s y s t e m  m u s t  be en tered  w h e n  
the d a t a  logg ing  s y s t e m  i s  s t a r t ed .  T h e s e  d a t a  are  p r i n t e d  on 
the l i s t i n g  f o r  e v e r y  s t a t i o n .  T h e  f o l l o w i n g  procedure i s  u s e d .  
( C h a r a c t e r s  p r i n t e d  by opera tor  are  u n d e r l i n e d )  : 
P R I N T I N G :  COMMENTS : 
"TAB"  Y E S ?  C a 1 1  t o  c o m p u t e r  and response.  
B J  C o d e  t o  i d e n t i f y  procedure i n  c o m p u t e r ,  
C O R R E C T I O N  FOR D E P T H  7 
- 
D e p t h  c o r r e c t i o n  i n  m e t r e s .  
TEMPERATURE 0 .02  O T e m p e r a t u r e  co r rec t ion  i n  C .  
S A L I N I T Y  -0 .03  S a l i n i t y  c o r r e c t i o n  i n  $8. 
OK F i n a l  response.  
ROUTINE FOR THE STD- SYSTEM ON STD- STATIONS 
T h i s  r o u t i n e  must b e  s t a r t e d  e v e r y  t ime an  STD s t a t i o n  s h a l l  be 
worked and s topped  when t h e  s t a t i o n  i s  comple ted .  The o p e r a t o r  
must e n t e r  s t a t i o n  number and amount o f  p a r a m e t e r s  t o  be p r i n t e d  
o u t .  Depth ,  t e m p e r a t u r e ,  s a l i n i t y ,  sigma- t ,  D-a l fa  and de l t a -D 
a r e  p r i n t e d  o u t  from l e f t  t o  r i g h t .  I f  6 i s  e n t e r e d  a f t e r  t h e  
l eqend  "OBSERVATIONS" i n  t h e  p r o c e d u r e  below, a p r i n t o u t  i s  pro- 
duced e v e r y  6 t h  second and a l l  s i x  p a r a m e t e r s  a r e  p r i n t e d .  I f  
3 i s  e n t e r e d  o n l y  t h e  3 p a r a m e t e r s  from t h e  l e f t  a r e  p r i n t e d  
and a p r i n t o u t  i s  produced e v e r y  t h i r d  second.  ( C h a r a c t e r s  p r i n t e d  
by o p e r a t o r  a r e  u n d e r l i n e d ) :  
PRINTING: COMMENTS : 
l' TAB " YES? 
OBSERVATIONS 6 
Ca11 t o  computer and r e s p o n s e .  
Code t o  i d e n t i f y  r o u t i n e  i n  computer .  
S t a t i o n  number. 
P r i n t  f r equency  and number of  pa ra -  
m e t e r s  t o  b e  i n c l u d e d .  
The r o u t i n e  i s  now s t a r t e d  and h e a d i n g s  a r e  p r i n t e d  o u t .  
When s t o p p i n g  t h e  r o u t i n e  t h e  f o l l o w i n g  p rocedure  shou ld  be used :  
PRINTING: COMMENTS : 
" TAB " YES ? c a 1 1  t o  computer and r e s p o n s e .  
Code t o  i d e n t i f y  s t o p  i n  computer .  
i in al r e s p o n s e ,  r o u t i n e  s t o p p e d .  
ROUTINE FOR ECHO CLASSIFICATION 
Come o f  t h e  s o f t w a r e  sequences  i n  t h e  echo c l a s s i f i c a t i o n  r o u t i n e  
a r e  i n c l u d e d  i n  t h e  r o u t i n e  g i v i n g  echo s t r e n g t h  d i s t r i b u t i o n .  
Also  t h e  s t a r t i n g  p rocedure  i s  common f o r  t h e  two r o u t i n e s  and 
t h e  code w i t h  t h e  legend "PROGRAM" i n d i c a t e s  which program t o  be 
s t a r t e d .  The comple te  s t a r t  p rocedure  f o r  echo c l a s s i f i c a t i o n  i s  
e n t e r e d  below ( c h a r a c t e r s  p r i n t e d  by o p e r a t o r  a r e  u n d e r l i n e d ) :  
PRINTING COMMENTS 
" TAB YES? 
RATE 48" TAB" 
TOTAL 100" TAB" 
c a 1 1  t o  computer and r e s p o n s e .  
Code f o r  computer t o  i d e n t i f y  r o u t i n e ,  
Gain depending on s e t t i n g  of  echo 
sounder  and i n t e r f a c e  u n i t .  
P ing  r a t e  o f  echo s o u n d e r ,  48 o r  96, 
Number o f  f i s h e s  t o  be c l a s s i f i e d .  
Depth i n t e r v a l  t o  be sampled around 
t a r g e t  e . g .  4  m .  
P  ROG RAM O"TABU Code f o r  c h o i s e  of  o p t i o n , c l a s s i f i -  
c a t i o n .  
MAX DB -30"TABt' Max. dB v a l u e  i n  t a b l e  a c c o r d i n g  t o  
f i s h  s i z e .  
OK F i n a l  r e s p o n s e ,  r o u t i n e  s t a r t e d .  
The r o u t i n e  s t o p s  a u t o m a t i c a l l y  when t h e  i n d i c a t e d  number o f  f i s h e s  
i s  obse rved  and t h e  f i n a l  t a b l e  p r i n t e d  o u t .  I f  i t  f o r  some r e a s o n  
must be s topped  b e f o r e ,  t h e  f o l l o w i n g  p rocedure  c a n  be used :  
PRINTING COMMENTS 
" TAB " 
-- 
CB 
YES? Ca11 t o  computer and r e s p o n s e .  
Code t o  i d e n t i f y  s t o p  r o u t i n e .  
F i n a l  r e s p o n s e ,  r o u t i n e  s t o p p e d .  
ROUTINE FOR ECHO STRENGTH DISTRIBUTION 
T h i s  r o u t i n e  which g i v e s  t h e  d i s t r i b u t i o n  o f  echo s t r e n g t h s  ob- 
s e r v e d  i n  a  g i v e n  number o f  t r a n s m i s s i o n s ,  c a n  n o t  be o p e r a t e d  
s i m u l t a n e o u s l y  w i t h  t h e  echo c l a s s i f i c a t i o n  r o u t i n e .  The s t a r t  
p r o c e d u r e  e n t e r e d  below h a s  many f e a t u r e s  i n  cornrnon w i t h  t h e  
s t a r t  p r o c e d u r e  o f  t h e  echo c l a s s i f i c a t i o n .  ( C h a r a c t e r s  p r i n t e d  
by o p e r a t o r  a r e  u n d e r l i n e d ) :  
PRINTING COMMENTS 





Code f o r  i d e n t i f i c a t i o n  o f  p r o c e d u r e  
i n  computer.  
Gain depending on s e t t i n g  o f  echo 
sounder  and i n t e r f a c e  u n i t .  
P ing  r a t e  o f  echo s o u n d e r ,  48 o r  96. 
TOTAL 50 "TAB" Number o f  p i n g  t o  b e  p r o c e s s e d .  
FRAME 0 l' TAB " 
PROGRAM - 1 "TAB" 
Zero shou ld  b e  e n t e r e d .  
Code f o r  c h o i s e  o f  o p t i o n ,  echo s t r e n g  
MAX DB O "TAB" Zero shou ld  be e n t e r e d .  
OK F i n a l  r e s p o n s e ,  program s t a r t e d .  
The r o u t i n e  s t o p s  a u t o m a t i c a l l y  a f t e r  p r i n t o u t  of  t h e  echo s t r e n g t h  
d i s t r i b u t i o n .  
ROUTINE FOR DECCA N A V I G A T I O N  
When the  program f o r  DECCA-navigation s h a l l  be s t a r t e d  i t  i s  
necessary  t o  e n t e r  i n i t i a l  DECCA-coordinates f o r  t h e  c u r r e n t  
p o s i t i o n  of t h e  s h i p .  This i s  a l s 0  necessary  when the  DECCA- 
nav iga to r  i s  switched over  from one DECCA-chain t o  an o t h e r .  I n  
t h e  i n i t i a t i o n  procedure  below i s  a l s o  included code t o  i d e n t i f y  
DECCA-chain i n  u s e ,  (Charac te rs  p r i n t e d  by o p e r a t o r  a r e  unde r l i ned )  
PRINTING COMENTS 
'l TAB " YES? 
CH NO 4  
RED GREEN PURPLE 
Ca11 t o  computer and response,  
Number t o  i n d i c a t e  DECCA-chain. 
I n d i c a t e s  r e d ,  green and p u r p l e  
deccometer. 
L e t t e r  on red deccometer,  A = O ,  10 
o r  20. B = l ,  11 o r  2 1  e t c .  
9 .5  "TAB" Reading on red deccometer. 
8  "TAB" L e t t e r  on green  deccs , -~~l :z ,  1-8. 
44.9 "TAB" Reading on green deccometer. 
2 2  "TAB" L e t t e r  on pu rp l e  deccometer . 
LAT 63 03.3 LONG -02 18.8 P o s i t i o n  p r i n t e d .  
KEEP = l ,  CHANGE = 2 1 I f  p o s i t i o n  i s  c o r r e c t ,  1 i s  e n t e r e d ,  
o therwise  2 .  
The r o u t i n e  h a s  two e r r o r  messages POS WR and WRONG ITERATION.  If 
one of  t hese  a r e  p r i n t e d  o u t ,  t h e  DECCA r o u t i n e  i s  a u t o m a t i c a l l y  
s topped. 
The s t o p  r o u t i n e  i s  a s  fo l lows:  
PRINTING COMMENTS 




Ca11 t o  computer and response.  
Code t o  s t o p  the  r o u t i n e .  
r in al response ,  r o u t i n e  s topped.  
The DECCA-position can be p r i n t e d  o u t  when a  code i s  p r i n t e d  t o  
ask  f o r  it: 
PRINTING COMMENTS 
" TAB" YES? 
AB 
LAT 63 03.5 
LONG -02 18.8 
Ca11 t o  computer and response.  
Code t o  i d e n t i f y  r o u t i n e .  
DECCA p o s i t i o n  63O03.5 'N. 
0 2 ~ 1 8 . 8 ' ~ .  
NUMBERS OF DECCA CI-IAINS 
When s t a r t i n g  the  rout ine  f o r  Decca naviga t ion ,  an 
i d e n t i f i c a t i o n  number of the  chain t o  be appl ied has  
t o  be entered i n t o  program. Numbers f o r  some chains  






Vest landet  
Skagerak 
Danish chain 
North S c o t t i s h  
NUMBER 
ACCESS TO MAG ASSEMBLER 
Access t o  the  assembler i s  obtained i n  t h e  same manner a s  t h e  
d i f f e r e n t  app l i ca t ion  rou t ines  a r e  s t a r t e d .  (Characters  p r i n t e d  
by operator  a r e  under l ined) :  
P R I N T I N G :  COMMENTS : 
' I  TAB " YES? 
BK 
ca11 t o  computer and response.  
Code t o  i d e n t i f y  access t o  MAC. 
F ina l  response,  MAC has  c o n t r o l .  
When the  use of MAC-assembler i s  f i n i s h e d ,  the  c o n t r o l  i s  re- 
turned t o  Leve1 9 by the  command ) OFF. 
PRINTOUT OF PA ETERS ON REQUEST 
Besides t h e  parameters a l ready mentioned there  i s  p o s s i b i l i t y  
t o  ask f o r  the  c u r r e n t  values of some parameters. 
For ins tance  echo depth i s  obtained by the  following procedure: 
P R I N T I N G  COMMENTS 
" TAB " YES? 
AE 
DEPTH 289  
Ca11 t o  computer and response. 
Code t o  ask f o r  echo depth.  
Echo depth i n  metres.  
Codes f o r  a l l  parameters t o  be used i n  the  same manner a r e :  
CODE PARAMETER 
Dead reckoning p o s i t i o n .  
DECCA p o s i t i o n .  
Time, GMT. 
Reading of s h i p t  s  log.  
Echo depth.  
S h i p ' s  speed, knots .  
S h i p ' s  course ,  degrees.  
Surface temperature and s a l i n i t y .  
Meteorological parameters,  pressure  
temperature,  dew p o i n t ,  wind f o r c e ,  
wind d i r e c t i o n ,  
Numeric content  i n  a l l  ADC channels 
